Abstract Three quarters of the population in Sub Saharan Africa lacks access to modern energy, and relies instead on biomass fuels for cooking and heating. The environment and health implications of the use of biomass fuel has been widely documented in the literature, and has raised the topic of energy access in various policy and development arenas. Still, the impact of energy access on food security at the household level has not been explored in detail; consequently the two sectoral policies remain unaligned. Our aims for this review were to document how lack of access to energy can impact on food security through influence on dietary choices and cooking practices; and how reallocation of household resources from food to energy procurement causes a switch to biomass energy forms of lower grade. We searched the literature for published peer-reviewed articles available through major online publication databases, initially identifying 132 articles but finally reviewing a set of 19 that met our criteria. While most studies suggested that fuelwood scarcity can affect food security through three hypothesised pathways, very few of them provided empirical data to support this argument. Overall, the review found coping measures for woodfuel scarcity to be highly contextual and influenced by geography, household economy and labour availability. Due to the limited number of studies with detailed data, it was not possible to perform a comparative analysis that could support or refute a hypothesis that lack of access to energy can impact on food security. More rigorous studies on this topic are needed which could provide evidence for policy action.
Introduction and aims
According to the International Energy Agency (IEA), 2.5 billion people worldwide lack access to clean energy for cooking and heating (IEA 2014) , and instead rely on biomass fuels for their household energy needs for cooking and heating. The situation is worse in sub-Saharan Africa (SSA) where more than three quarters of the people remain dependent on biomass fuels, such as firewood, charcoal, dung and agricultural residues as their primary sources of household energy (IEA 2014; WHO and UNDP 2009) . Achieving food security, economic development and poverty reduction remain elusive goals without energy access, 1 which has been termed Bthe missing Millennium Development Goal^ (Rehfuess et al. 2006;  1 According to The International Energy Agency, energy access is about providing modern energy services to everyone around the world. These services are defined as household access to electricity and clean cooking facilities (e.g. fuels and stoves that do not cause air pollution in houses). Populations that do not have access to modern energy services thus lack access to energy, or are energy poor http://www.iea.org/topics/ energypoverty/ Brew-Hammond 2012). The high dependence on biomass for fuel has a number of consequences that are now well documented; public health impacts, reduced livelihood opportunities especially for women and girls who bear the responsibility of biomass gathering, environmental impacts such as deforestation and forest degradation, and contribution to global climate change (Lim et al. 2012; GACC 2012; Kissinger et al. 2012; Shindell et al. 2012) . The health and climate impacts have especially gained high attention in recent years. According to the WHO, use of biomass fuels is the leading environmental risk factor for ill health, responsible for 4.3 million deaths annually (WHO 2014) . In SSA, the disease burden from household air pollution (which is linked to pneumonia, Chronic Obstructive Pulmonary Disease, cardiovascular disease and several other outcomes) is only exceeded by malnutrition (Lim et al. 2012) . The climate impacts of biomass fuel use occur through deforestation, but also emission of black carbon, a short lived climate pollutant (UNEP and WMO 2011; Shindell et al. 2012) . Addressing the energy access challenge therefore promises a major win-win development.
An important dimension of energy access that is not well documented, although hypothesised, is its impact on household food security and nutrition. The Word Food Summit of 1996 defined food security as a situation whereby Ball people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life^. Because food has to be cooked for it to be palatable and safe, food security cannot be guaranteed if there is no access to energy for cooking it (Bogdanski 2012) . While any effort to address the energy access challenge is positive and likely to have broad benefits, certain comparative sectoral advantages are lost if some key sectors are not engaged in energy access debates and processes. The framing of the energy access issue and its sector impacts has important implications, more so because sometimes the sectorspecific interests might conflict, and not all energy access interventions achieve the intended win-win outcomes (Simon et al. 2012 ). More importantly, engagement of the food security sector in energy debates could lead to new ideas for jointly addressing energy access and nutrition goals. A prerequisite to this engagement is concrete evidence showing that indeed, provision of energy can alleviate food insecurity especially for sub-Saharan Africa, where a quarter of the population is undernourished (FAO 2015) .
In this review, we aimed to synthesise the existing evidence on the impact of energy access on food security and highlight the pathways through which these impacts occur, as reported in literature. The review was motivated by the current knowledge gap on the interaction between these two major development concerns, which are never tackled jointly by development policies and programmes. To our knowledge, this is the first attempt to synthesise the existing knowledge on this topic. We focused the review in sub-Saharan Africa, which has the worst indicators for both energy access and food security, with future projections indicating a worsening situation owing to increasing population growth (IEA 2014; FAO 2015) .
Methodology

Conceptual framework
The study is based on a review of literature that was guided by a conceptual framework on potential pathways through which lack of energy access can impact on food security (Fig. 1) . The literature search and synthesis of its findings was guided by this framework, which categorises the link between energy access and food security into three thematic areas, based on the following hypotheses:
Energy access influences dietary choices and cooking practices
Fuelwood scarcity can potentially affect cooking practices and dietary choices. It can result in reduced cooking times, skipping meals and a switch to foods that are less fuel demanding. Few of the principal food crops in developing countries are palatable or even fully digestible unless cooked. Furthermore, foods such as beans that are highly nutritious are more fuel demanding; therefore protein intake can be lowered when alternative faster-cooking foods are chosen, leading to poorer nutritional balance. Unavailability of fuel for cooking can therefore influence the type, the quantity and the quality of the foods consumed and their ability to be digested, and could be a cause of malnutrition.
Poor access to cooking fuel leads to reallocation of household resources from food production and preparation to fuel procurement.
Fuelwood scarcity may force household members to spend less time in productive and income generating activities, including agriculture and food production. The meagre income may be spent on purchasing fuelwood rather than on food purchase.
Lack of access to energy leads to switches to inferior energy forms, thereby reducing agricultural productivity
Agricultural by-products such as crop residues and dung have an important role in increasing land productivity and crop yields. Households could switch to these "inferior" forms of energy when fuelwood becomes scarce.
Literature search and data extraction
The literature search was conducted online from the following bibliographic databases: Scopus, Google Scholar, openDOAR and Web of Science. This was coupled with a search for grey literature on stakeholder websites such as FAO and WHO; and hand searches of the references of included studies. The following broad search terms and their synonyms were used to identify articles that were relevant to the study aim: i) energy and food security in sub Saharan Africa, ii) energy and nutrition in SSA, iii) fuelwood or woodfuel scarcity and nutrition in sub Saharan Africa and iv) fuelwood or woodfuel scarcity and diets in sub Saharan Africa. Original research articles as well as review articles were included in this review.
The search generated 131 relevant articles that were preselected after screening titles and abstracts. These articles were subjected to further screening based on the following eligibility criteria; i) articles that covered both energy AND food security/nutrition; ii) articles that focused on a biomass based energy type (charcoal, fuelwood, crop residues, dung); iii) articles with SSA as the geographic focus. This second stage of screening resulted in 19 articles that were eligible for a full review and data extraction.
The final set of articles were grouped into the three thematic areas as encapsulated by the hypothesised relationship between energy access and food security (Fig. 1) . Data extraction for included studies under each theme was conducted by one author using standardized forms, and checked by the other three authors during synthesis. Key findings and characteristics of studies were reported in summary tables. Due to the very limited number of studies with detailed data, and high heterogeneity among the studies, it was not possible to carry out a comparative analysis of the identified literature. Instead, we performed a descriptive analysis guided by the three themes, and present the findings in a narrative form.
Results
General findings
The 19 studies discussed some links between energy and food security, but very few of them provided the data that could support or refute the three stated hypotheses. Some articles that had gone through the screening had to be eliminated at the review stage because they gave suggestions of the linkage without backing it up with literature. These included a number of articles published in the 1980s that have been cited by many authors in support of the link between energy access and food security, for instance Adams et al. (1980) , cited in FAO (1990) . Furthermore, a number of studies cited by various authors as supporting the link between energy access and food security did not meet our criteria, based on title and abstract screening; and did not have sufficient content to support the relationship. Finally, some earlier studies could not be tracked as they were unavailable online; and due to funding limitations we could not employ alternative means to trace them Table 1 .
Hypothesis 1. Influence of energy access on dietary choices and nutrition
The influence of fuelwood scarcity on nutrition has been alluded to for several decades. Surprisingly, empirical studies to Fig. 1 Possible links between energy access and food security investigated in the study. The dashed lines boxes were not within the scope of this review. Source: Authors substantiate the arguments supporting the link between them were very limited. Only six articles in the review addressed this link in detail; of which two were original research articles by the same author (i.e. Brouwer et al. 1996; Brouwer et al. 1997) , and four were reviews (FAO 1990; Chikaire et al. 2011; FAO 2013; Makungwa et al. 2013) . FAO (2013) reports that lack of access to sufficient and appropriate cooking fuel may force people to change their eating and cooking habits by reducing the number of meals, switching to foods that require less cooking time, undercooking their food and bartering part of the food ration for fuel. Through these practices, the quantity, quality and nutritional value of the food consumed would be affected. However, the authors provide no empirical evidence or literature citations to support these statements. The earlier review for the FAO (1990) cites several articles that mention the link between energy access and food security. On the links to nutrition, the review tackles amongst other questions the influence of fuel availability on frequency of food preparation and appropriateness of foods prepared for special groups such as infants. They found various studies that have suggested the link, including those of Adams et al. 1980; Kamweti 1980; Casey 1981 and Cecelski 1984 . The author notes that even though this link is often cited, it is probable that the relationship is not as direct as is assumed, and other variables such as availability of time for food preparation play an equal or greater role (FAO 1990 , citing Cecelski 1984 .
Brouwer (Brouwer et al. 1996) presented one of the few studies that entailed a detailed investigation into the link between fuelwood availability and nutrition. The study was carried out in four villages in Malawi, characterized by both nutritional insecurity and fuelwood scarcity. The author observed that due to increased collection time for fuel, time for food processing and preparation decreased, as did the time for rest. He reported that the impact of fuelwood availability on nutrition occured through strategies that households use to cope with the scarcity, including time allocation. This is supported by findings from his later study (Brouwer et al. 1997) indicating that fuelwood scarcity results in changes in fuel collection location, times and patterns rather than food itself.
In the same setting, Brouwer (Brouwer et al. 1996 ) also found that economising on fuel as a coping strategy for fuelwood scarcity led to a switch to lower grade fuels, such as twigs. He observed that because twigs require frequent tending of fires, they are not a suitable fuel for foods that require long cooking time such as dry beans and cereals; hence these foods are dropped from the diet. This contradicts the hypothesis investigated by Fleuret (FAO 1990) ; that fuelwood shortage leads to substitution of foods requiring less cooking to customary food items with prolonged cooking times. It has been hypothesised that one important consequence of energy scarcity is that precious cash resources are used to purchase fuel, thereby reducing the households' ability to accumulate financial resources (Chikaire et al. 2011 ). Similar to household income, household time would need to be reallocated to fuel procurement. These reallocations lead to less income being available for purchase of food, farm investments and less time investment in food production, procurement, preparation and/or cooking. A number of studies and reports in this review referred to linkages between the time women spent on collecting wood and the amount of time they devoted to productive activities (FAO 2013). However, only two articles (Madubansi and Shackleton 2006; Brouwer et al. 1997) had primary data to back up these assertions. The authors warn against drawing conclusions on a simple relationship between physical scarcity of fuelwood and household resource allocation; but instead urge researchers to consider the wider context that incorporates socio-ecological aspects as well. These include household composition in terms of size, gender, labour availability, land tenure and cultural values.
From their historical study on the impacts of an electrification program in South Africa, Madubansi and Shackleton (2006) found that energy access determined the changing patterns of energy use for lighting and powering entertainment and communication appliances (i.e. from dry-cell batteries to electricity) but not energy for cooking. For thermal needs, fuelwood remained the most widespread fuel, and the amount used per month had not changed over years despite the evidence of increased physical fuelwood scarcities around the local environment. They did, however, observe a slight increase in the percentage of households purchasing fuelwood, from 27 % in 1991 to 31 % in 2002. They attributed the increase in purchase to increase in the amount of time required for fuelwood collection, due to increasing fuelwood scarcity. Brouwer et al. (1997) found mixed results on the influence of fuel scarcity on household resources. With increasing distance to woodlands, households initially collected further away, spending more time on collection. But when distance to woodlands increased further, households especially with smaller family sizes saved on fuelwood collection time by switching to lower quality wood found closer to the villages (Brouwer et al. 1997 ). The authors noted that "the amount of fuelwood collected and, hence, consumed, is not only determined by fuelwood availability, but more by labour availability".
This view was supported by other articles in the review (Dewees 1989; FAO 1990; Köhlin et al. 2011) . The authors argue that distance to collection place and collection times are not reliable indicators of fuelwood shortages as is so often postulated in the literature. Rather, the actual household resource allocation responses to fuelwood shortages depend on individual decisions at the household level that are in turn dependent on the available labour, household entitlements, access to woodlands as well as cultural practices that are context specific. In the case of Malawi (Brouwer et al. 1997) , households that tended to increase collection distance in times of fuelwood scarcity were larger in size, and had more female adults. On the contrary, smaller sized households did not increase travel distance when fuel became scarce; instead they tended to use more twigs. Dewees (1989) observed that household decisions to allocate resources to fuel collection depend on labour availability for all competing farming activities as a whole rather than physical fuel scarcity alone. The author cites the case of Zimbabwe, where an earlier study had reported that labour allocation to fuelwood collection increased during the dry season simply because households were freed from agricultural labour (Dewees 1989 : citing Du Toit et al. 1984 . Where agricultural labour demand was very high such as in Machakos and Kisii Districts in Kenya, farmers tended to plant trees on farm to reduce labour spent on woodfuel collection.
Overall, this literature shows that when faced with similar physical shortages of fuelwood, households less endowed with labour and household entitlements are more likely to reallocate time and resources from productive activities to fuel procurement; and are also more likely to switch to inferior fuels. Thus, they are more likely to face food security challenges that can be attributed to energy access challenges. Relatively well-off households on the other hand have better coping measures, such as purchase of fuelwood. We did not, however, find studies which showed the extent to which the purchase of fuelwood would impact on household food expenditure, and how this would influence food security.
Hypothesis 3. Influence of use of lower grade fuels on agricultural productivity According to the energy ladder model, charcoal is ranked highest amongst biomass forms of energy in terms of efficiency and cleanliness at the end-user point (Hosier and Dowd 1988) . Firewood is second place; and at the lowest level of the ladder are agricultural residues and dung (thus the term inferior fuels). If people switch from charcoal to fuelwood, or fuelwood to dung, they would be moving down the energy ladder; using less efficient and less preferred fuel forms.
Four studies described how lack of energy access leads to a switch to lower end energy forms such as cow dung and agricultural residues. According to Brouwer et al. (1997) , the switch was caused by increase in distance to fuel collection points as fuelwood becomes scarce. On the contrary, Palmer and Macgregor (2009) found very little evidence for substitution between fuelwood and dung; rather the use of cow dung as fuel was a predominant feature in livestock rearing communities. However, the livestock rearing regions also generally experienced acute fuelwood scarcity, hence it was possible that reliance on dung was an adaptive response to fuelwood scarcity. Dewees (1989) suggested that households would switch to twigs and sticks when there was physical scarcity of fuelwood, but also observed that Bthere is only limited evidence which suggests that if woodfuels were more available, the use of animal dung for fuel will decline^(p. 1165). In a more recent study in Ethiopia, Damte et al. (2011) found that crop residues and dung both served as alternatives to fuelwood; but also as complementary sources. This therefore suggests that fuelwood scarcity could lead to increased use of crop residues and dung. However, an earlier study by Mekonnen (1999) found that fuel wood and dung were only complementary, since households in Northern Ethiopia did not reduce their use of dung even when forest biomass was available.
The results are therefore mixed, with some authors suggesting that fuelwood scarcity would lead to use of dung as fuel (Dewees 1989; Brouwer et al. 1997; and Palmer and Macgregor 2009) , while others (Mekonnen 1999) found other reasons that motivated the use of dung as fuel. The energy ladder model has been disproved in several settings. In Mexico for instance, Masera et al. (2000) found that households Bfollow a multiple fuel or 'fuel stacking' strategy by which new cooking technologies and fuels are added, but even the most traditional systems are rarely abandoned^.
Application of manure and crop residues in soil fertility management is not a universal practice. However, where this is not the norm and they are used as fuel instead, some authors have suggested that this could deny farmers a vital source of soil nutrients and contribute to reduced crop yields. Three articles in this review explored this relationship (Arnold and Jongma 1977; FAO 1990; Ejigie 2007) . Arnold and Jongma (1977) suggest that Bdiversion of dung from use in agriculture is equivalent to burning food in order to cook food^, and estimate that each ton of cow dung used as fuel accounts for 50 kg of food grain lost as a result of reduced soil fertility. Ejigie (2007) supports these findings. Citing an anonymous study in Ethiopia, he reports that Ethiopia's grain production is lowered by 550,000 t annually due to diversion of dung from field application to cooking. While FAO (1990) suggested this hypothesis, they did not find any evidence for it. Other reviews, however, contradict these arguments. For instance McIntire et al. (1992) and Arnold et al. (2006) argue that burning dung and crop residues does not divert them from agricultural uses.
Discussion and conclusion
The link between energy access and food security has been alluded to for many years, but rarely supported with scientific evidence. This review aimed to identify and synthesise the existing literature on the topic, focusing on the key relationships that have been hypothesised. The review is very timely given the increased global attention being paid to both energy access and to food security. If energy access impacts on food security, efforts can be synergised to respond to the two development challenges.
In this review, we found 19 articles that tackled the issue of both energy access and food security. However very few of them had the empirical evidence to support or refute the linkage. Consequently, it is not possible to draw conclusions on whether or not energy access impacts on food security. Our finding should, however, not be construed as "evidence of absence" of an association between energy access and food security; but rather it should be a pointer to an urgent need for more research on this topic.
Despite the lack of evidence on the direct effect of lack of energy access on food security, the literature on coping measures for fuelwood scarcity identified in this review and other literature do point to a relationship that is location specific and socio-ecologically contextual. We approached the analysis from three hypotheses as laid out in our conceptual framework; in practice, however, the impact is multi-directional. For instance, reduction in time spent on food related activities as shown in this review would impact on a number of activities from food production to food purchase (going to markets), to processing and cooking. Similarly, use of residues and twigs for fuel not only makes them less available for soil fertility, but also prevents women from doing multiple chores as fires made from them require frequent tending (Brouwer et al. 1997) , thereby limiting labour availability. The pathway for nutritional effects is also complex. For instance if less fuel is available, there can be reduced boiling of water for drinking and other hygiene purposes (Chikaire et al. 2011) , which would impact negatively on health and nutrition.
More research is needed to generate clear evidence on whether or not energy access impacts on food security, and the pathways through which those impacts occur. The need for this evidence was raised decades ago in the FAO supported review in 1990 (FAO 1990) . Despite their call for in-depth studies to test the hypothesis that energy access impacts on food security, no comprehensive studies have been undertaken to date. Paying closer attention to the interphase of energy access and food security can offer the means and opportunity for tackling these two global challenges.
Because of limitations of time and resources, we could not conduct a full systematic review. Furthermore, our review was also focused on one region -sub-Saharan Africa. Our search strategy was however comprehensive, including a hand search for all citations in recently published articles on the topic (e.g. Makungwa et al. 2013) . It is therefore unlikely that relevant articles in sub-Saharan Africa were excluded from this review.
The limited literature we found further demonstrates that a full systematic review on this topic would be premature. Instead, more primary research is needed before a full synthesis of the evidence can be conducted.
